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FAS'T, SWAPPABLE MODULAR TRAY AND
RACK STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to and claims the benefit of
priority to Provisional Application U.S. Ser. No. 62/714,393,

titled “Fast, Swappable Modular Tray and Rack Structure,”
filed Aug. 3, 2018 1n the U.S. Patent and Trademark Ofhice,

the contents of which are imcorporated herein by reference.

STATEMENT OF GOVERNMENT INTEREST

The mvention described herein may be manufactured,
used, and licensed by or for the U.S. Government for
governmental purposes without payment of any royalties
thereon.

BACKGROUND

The present invention generally relates to space vehicles
and, more particularly, to a chassis for satellites.

A typical conventional satellite rack or chassis does not
provide convenient access to internal components. Many
components are diflicult to access and remove. Circuit
boards are stacked together and typically bolted to the
chassis. Assembly can be difficult and time consuming. To
test or replace a circuit board, the entire satellite must often
be disassembled. Although a specific component may be
casily identified as malfunctioning, removal of the compo-
nent can involve removing mounting hardware such as bolts
or screws and disconnecting electrical connectors, and then
replacing the mounting hardware and reconnecting the elec-
trical connectors once the component has been replaced.

The use of hand tools such as screwdrivers to remove the
mounting hardware increases the potential for damaging
other components 1f the tools slip or are dropped when
working 1n the limited space available. Further, a typical
conventional chassis may require components and connec-
tors to be aligned properly, resulting in damage 11 reconnec-
tion 1s forced.

Therefore, 1t 1s desirable to provide an improved satellite
chassis architecture that facilitates convenient access to
internal satellite components.

SUMMARY

The present mvention solves or ameliorates the above-
described problems and deficiencies by providing a fast,
swappable modular tray and rack structure for a satellite
chassis and, in particular, for a cubesat, that facilitates
convenient access to the internal satellite components. The
modular tray and rack structure provides a “plug and play”
system that allows rapid installation and replacement or
interchange of internal spacecraft hardware. Modular trays
to which hardware components are mounted slide 1nto slots
of uniform dimensions and are entrapped by external panels.
The trays may be interchanged, regardless of the hardware
mounted thereon, and re-inserted into the same or a different
slot. Thus, the imnvention can be used in a satellite to athx
components in place without the use of fasteners for each
component, enabling easy access and quick replacement or
maintenance of individual components.

The use of outer panels to encase internal components
reduces the total number of satellite fasteners needed and
helps protect internal components from radiation. Also, the
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2

modular tray and rack structure simplifies manufacturing
due to standardized slot dimensions. The modular tray and

rack structure 1s scalable to all satellite sizes, provides a
common chassis design, and enables customizable satellites.

In accordance with an embodiment of the invention, there
1s provided a space vehicle having a plurality of frame rails
having a left front frame rail, a right front frame rail, a left
back frame rail, and a right back frame rail. Each back frame
rail 1s L-shaped with a first member and a second member.
A plurality of transverse parallel ribs are disposed on the
interiors of the front frame rails and the interiors of each first
member of the back frame rails. The ribs on the front frame
rails correspond 1n location to one another and to the ribs on
the back frame rails. Each rib has a central longitudinal axis
and a narrow {irst slot disposed along the central longitudi-
nal axis. The rnibs are spaced apart by wider second slots. A
backplane 1s connected to the interiors of the second mem-
ber of each back frame rail adjacent to each first member.
The backplane 1s configured to route power and signals to a
plurality of internal components. Each of a plurality of trays
slides 1nto the second slots on the front frame rails and the
corresponding second slots on the back frame rails. A
plurality of panels surround a periphery of the space vehicle
and form a housing for the space vehicle to encase and hold
the 1nterior components 1n place.

In accordance with another embodiment of the invention,
there 1s provided a modular satellite chassis having frame
rails with at least two front frame rails and two back frame
rails. Transverse parallel ribs are disposed on the interiors of
the front and back frame rails. The ribs on the front frame
rails correspond 1n location to one another and to the ribs on
the back frame rails. Each rib has a central longitudinal axis
and a narrow first slot disposed along the central longitudi-
nal axis. The ribs are spaced apart by wider second slots.
Trays are slidingly received by the second slots on the front
frame rails and the corresponding second slots on the back
frame rails. A left side panel 1s connected to an outside of
one of the front frame rails and one of the back frame rails.
A right side panel 1s connected to an outside of the other
front frame rail and the other back frame rail.

In accordance with another embodiment of the invention,
there 1s provided a modular tray and rack structure having a
plurality of panels including at least a left side panel and a
right side panel. A plurality of transverse parallel ribs are
disposed on the interiors of the left and right side panels
proximate to front and back edges of the left and right side
panels. The ribs on the front edges correspond in location to
one another and to the ribs on the back edges. At least one
rib has a central longitudinal axis and a narrow first slot
disposed along the central longitudinal axis. The ribs are
spaced apart by wider second slots. A plurality of trays are
slidingly received by the second slots on the front edges and
the corresponding second slots on the back edges.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects and advantages ol the invention will
become apparent from the following detailed description,
taken 1n conjunction with the accompanying drawings. The
drawings are not necessarily drawn to scale. In the drawings:

FIG. 1 1s an exploded perspective view illustrating a
modular tray and rack structure, mncluding a backplane,
circuit boards, and trays holding circuit boards, according to
an embodiment of the present invention;

FIG. 2 1s a perspective view 1illustrating the backplane,
circuit boards, and trays holding circuit boards of FIG. 1,
according to an embodiment of the present invention;
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FIG. 3 1s a perspective view 1llustrating one of the trays
of FIGS. 1 and 2, according to an embodiment of the present
imnvention;

FIG. 4 15 a front view of the assembled modular tray and
rack structure of FIG. 1 without a front panel, according to
an embodiment of the present invention;

FIG. 5 1s an assembled perspective view of the modular
tray and rack structure of FIG. 1 without the front panel and
a left side panel, according to an embodiment of the present
invention;

FIG. 6 1s an assembled perspective view of the modular
tray and rack structure of FIG. 1, according to an embodi-
ment of the present invention; and

FIG. 7 1s an exploded perspective view illustrating a
modular tray and rack structure, according to another
embodiment of the present invention.

DETAILED DESCRIPTION

FIGS. 1 to 7 illustrate various aspects ol a modular tray
and rack structure for a cubesat satellite according to
embodiments of the present invention. While the embodi-
ments described below focus on cubesats, the invention, as
set forth 1n the claims, 1s not so limited and may be scaled
to satellites of any size.

FIG. 1 illustrates an exploded view of a modular tray and
rack structure 100. External features of the modular tray and
rack structure 100 include a front panel 105, a back panel
110, a left side panel 115, a right side panel 120, a top panel
125, and a bottom panel 130. The front, back, left, and right
panels 105, 110, 115, and 120 surround a left front frame rail
135, a right front frame rail 140, a left back frame rail 145,
and a right back frame rail 150.

The back frame rails 145 and 150 are L-shaped and have
a first member 152 and a second member 154. A series of
transverse parallel ribs 156 are disposed on the interiors of
the front frame rails 1335 and 140 and on the interiors of the
first members 152 of the back frame rails 145 and 1350. The
ribs 156 on the front frame rails 135 and 140 correspond in
location to one another and to the ribs 156 on the back frame
rails 145 and 150. At least one rib, such as rib 158, has a
central longitudinal axis and a narrow first slot 160 disposed
along the central longitudinal axis. The ribs 156, 158 are
separated by wider second slots 161.

The modular tray and rack structure 100 houses various
internal payloads and components including an attitude
determination and control system (ADACS) 162, a camera
164, multiple circuit boards comprising first circuit boards
166 and second circuit boards 168 for performing various
functions such as flight and power control, trays 170, a
backplane 172 for routing power and signals to the internal
components, among other components. The number of cir-
cuit boards, payloads, and other components may vary
depending on the desired purpose. The front panel 105 has
a structural cut-away 174 that 1s positioned 1n front of a lens
176 of the camera 164. Other structural cut-aways 178 and
180 on the front and left side panels 105, 115 are for
navigation sensors on the ADACS 162. The shapes and
configurations of the panels may vary depending on internal
components selected and desired purposes and design
choices.

The first circuit boards 166 may be custom boards that can
be slotted without using one of the trays 170. The first circuit
boards 166 are inserted directly into the smaller first slots
160 in the front frame rails 135, 140 and the corresponding
first slots 160 1n the back frame rails 145, 150 and slide into

the modular tray and rack structure 100 until plugged nto
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4

the backplane 172. The ribs 158 having the smaller first slots
160 provide support for the first circuit boards 166.
The second circuit boards 168 may be commercial circuit

boards that are not designed to fit into the frame rails 135,
140, 145, and 150. The second circuit boards 168 are placed

on the trays 170, which function as mechanical adapters for
the second circuit boards 168. Electrical adapters (not
shown) are first mounted onto the trays 170, and then the
second circuit boards 168 are mounted onto the electrical

adapters. The trays 170 slide into the larger second slot in the
front frame rails 135, 140 and the corresponding second
slots 161 1n the back frame rails 145, 150 to allow connec-
tion of the second circuit boards 168 to the backplane 172.
The ribs 156 bordering the larger second slots 161 provide
support to the trays 170.

The backplane 172 attaches to interiors of the second
member 154 of each back frame rail 145, 150 adjacent to
cach first member 152. The backplane 172 also attaches to
the back panel 110. The front, back, left, and right panels
105, 110, 115, and 120 are secured to the frame rails 135,
140, 145, and 150. The top and bottom panels 125 and 130
are secured to the front, back, left, and right panels 105, 110,
115, and 120. The backplane 172 attaches to the back panel
110. The attachments may be accomplished through holes
182 using fasteners such as bolts.

A close-up view of the circuit boards 166 and 168 and the
trays 170 connected to the backplane 172 1s shown 1n FIG.
2. A close-up view of one of the trays 170 1s shown 1n FIG.
3. The slots 160 and 161 and the trays 170 eliminate the need
for shelves, saving space and weight. The circuit boards 166
and 168 do not plug into one another, so no internal
connectors or mechanical alignment devices such as guide
pins are needed between the circuit boards 166 and 168. All
the circuit boards 166 and 168, including those for the
ADACS 162, power distribution, communications, payload,
and others, all iterconnect without electrical data/power
connectors or cabling. Fach circuit board 166 and 168
represents one subsystem rather than multiple subsystems.
Thus, each circuit board 166 and 168 and its specific
subsystem can be accessed independently of the other com-
ponents. This modular design facilitates simplified assembly
and disassembly; reliability; and maintenance, repair, and
replacement of the components without disassembling the
entire satellite.

A Tront view of the assembled modular tray and rack
structure 100 without the front panel 105 1s shown in FIG.
4, revealing components housed within. FIG. 5 illustrates
the assembled modular tray and rack structure 100 without
the front and left panels 105 and 115. FIG. 6 illustrates the
assembled modular tray and rack structure 100 with all
panels 1 place.

To assemble the modular tray and rack structure 100, the
top and bottom panels 125 and 130 and the frame rails 135,
140, 145, and 150 are fastened together. Then the backplane
172 1s fastened to the back frame rails 145, 150, and the back
panel 110 1s fastened to the top and bottom panels 125, 130
and to the back frame rails 145, 150. Next, the side panels
115, 120 are fastened to the top and bottom panels 125, 130
and to the frame rails 135, 140, 145, 150. The trays 170 and
the circuit boards 166 and 168 are slid into the slots 160 and
161 and connected to the backplane 172, then the front panel
105 1s fastened to the top and bottom panels 125 and 130 and
to the front frame rails 135 and 140. The panels 105, 110,
115, 120, 125, and 130 form walls and a housing for the
modular tray and rack structure 100, encasing and holding
the slotted components 1n place.
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In an alternative embodiment, as shown 1n the exploded
view of FIG. 7, a modular tray and rack structure 200
incorporates ribs 2035, 210 and slots 215, 220 1nto left and
right side panels 225, 230, and the front and back frame rails
135, 140, 145, 150 are not used. Other embodiments are
possible. For example, all panels except the front panel may
be integrally manufactured with a removable front panel.
Assembly 1s the same as above, except the backplane 172 1s
attached directly to the back panel 110 and the front and
back frame rails 135, 140, 145, 150 are not used.

There are several advantages to the modular tray and rack
structure 100, including the following:

(a) The modular “plug-in” design of the modular tray and
rack structure reduces the time and efifort required to
access, test, remove, replace, and maintain each indi-
vidual circuit board without disassembling the entire
satellite.

(b) The standardized tray and rack slot dimensions facili-
tate a common chassis design and simplily manufac-
turing, while allowing the trays to be customized for
desired hardware.

(c) The outer panels that encase the mternal components
reduce the number of fasteners and provide radiation
shielding for internal components and thermal control
surfaces.

(d) The modular tray and rack structure 1s scalable to all
satellite sizes, and 1s not limited to nano-class satellites.

(¢) The modular tray and rack structure, according to the
embodiments described herein, has demonstrated
NASA spaceflight vibration qualification, and has suc-
cessiully been launched and integrated onto the Inter-
national Space Station.

While the foregoing written description of the mvention
ecnables one of ordinary skill to make and use what 1is
described herein, those of ordinary skill will understand and
appreciate the existence of variations, combinations, and
equivalents of the disclosed embodiments and methods. The
invention should therefore not be limited by the above
description, but by all embodiments and methods within the
scope and spirit of the invention as disclosed.

What 1s claimed 1s:

1. A modular satellite chassis, comprising:

a plurality of frame rails comprising a left front frame rail,

a right front frame rail, a left back frame rail, and a right
back frame rail, each back frame rail being substan-
tially L-shaped with a first member and a second
member:;

a plurality of transverse parallel ribs disposed on the
interiors of the front frame rails and the interiors of
each first member of the back frame rails, the ribs on
the front frame rails corresponding in location to one
another and to the ribs on the back frame rails, each rib
having a central longitudinal axis and a narrow first slot
disposed along the central longitudinal axis, and the
ribs being spaced apart by wider second slots;

a backplane connected to interiors of the second member
of each back frame rail and adjacent to each first
member;

a plurality of trays slidingly receirved by the second slots
on the front frame rails and the corresponding second
slots on the back frame rails;

a plurality of internal components comprising a plurality
of first and second circuit boards, the first circuit boards

being directly slidably received by the first slots of the
front frame rails and the corresponding first slots of the
back frame rails, and the second circuit boards being
attached to the trays and the trays being slidably
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6

received by the second slots of the front frame rails and
the corresponding second slots of the back frame rails,
the first and second circuit boards electrically plugging
into the backplane and the backplane routing power and
signals to the internal components; and

a plurality of panels surrounding a periphery of the
modular satellite chassis and forming a housing for the
modular satellite chassis to encase and hold the internal
components 1n place.

2. The modular satellite chassis of claim 1, wherein any
of the first and second circuit boards can be accessed,
removed, and replaced independently of the other first and
second circuit boards, and independently of any other of the
internal components by removing the front panel.

3. The modular satellite chassis of claim 1, wherein any
of the first and second circuit boards can be accessed for
testing independently of the other first and second circuit
boards, and independently of any other of the internal
components by removing any of the front, left, and right
panels.

4. The modular satellite chassis of claim 1, wherein the
plurality of panels comprises front, back, left, right, top, and
bottom panels, the plurality of panels joined together to form
a rectangular box shape.

5. The modular satellite chassis of claim 1, wherein the
satellite 1s a cubesat.

6. The modular satellite chassis of claim 1, wherein the
plurality of panels 1s connected to the plurality of frame rails
using bolts.

7. The modular satellite chassis of claim 1, wherein the
plurality of panels provides radiation shielding and thermal
control for the internal components.

8. A modular satellite chassis, comprising:

a plurality of frame rails including at least two front frame
rails and two back frame rails, each back frame rail
being L-shaped with a first member and a second
member:;

a plurality of transverse parallel ribs disposed on the
interiors of the front and back frame rails, the ribs on
the front frame rails corresponding 1n location to one
another and to the ribs on the back frame rails, each rib
having a central longitudinal axis and a narrow first slot
disposed along the central longitudinal axis, and the
ribs being spaced apart by wider second slots;

a backplane connected to interiors of the second member
of each back frame rail and adjacent to each {irst
member;

a plurality of trays slidingly received by the second slots
on the front frame rails and the corresponding second
slots on the back frame rails;

a plurality of internal components comprising a plurality
of first and second circuit boards, the first circuit boards

being directly slidably received by the first slots of the

front frame rails and the corresponding first slots of the

back frame rails, and the second circuit boards being
attached to the trays and the trays being slidably
received by the second slots of the front frame rails and
the corresponding second slots of the back frame rails,
the first and second circuit boards electrically plugging
into the backplane and the backplane routing power and
signals to the internal components; and

a plurality of panels including at least a lett side panel and

a right side panel, the leit side panel connected to an

outside of one of the front frame rails and one of the

back frame rails and the right side panel connected to
an outside of the other front frame rail and the other
back frame rail.
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9. The modular satellite chassis of claim 8, wherein any
of the first and second circuit boards can be accessed
independently of the other first and second circuit boards,
and independently of any other of the internal components
by removing the front panel.

10. The modular satellite chassis of claim 8, wherein the
plurality of panels further comprises front, back, top, and
bottom panels, the top panel connected to a top of the left
and right side panels, the bottom panel connected to a
bottom of the left and rnight side panels, the back panel
connected to an outside of each of the second members of
the back frame rails and to a back edge of the top panel and
a back edge of the bottom panel, and the front panel
connected to a front edge of the top panel and to a front edge
ol the bottom panel, the plurality of panels forming walls for
the chassis to encase and hold the internal components in
place.

11. The modular satellite chassis of claim 10, wherein the
plurality of panels provides radiation shielding and thermal
control for the internal components.

12. A modular tray and rack structure, comprising:

a plurality of panels including at least a leit side panel, a

right side panel, and a back panel;

a plurality of transverse parallel ribs disposed on the
interiors of the left and right side panels proximate to
front and back edges of the left and rnight side panels,
the ribs on the front edges corresponding 1n location to
one another and to the ribs on the back edges, at least

one rib having a central longitudinal axis and a narrow
first slot disposed along the central longitudinal axis,
and the ribs being spaced apart by wider second slots;
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a plurality of trays slidingly received by the second slots
on the front edges and the corresponding second slots
on the back edges;

a backplane attached to an interior of the back panel and
the back panel attached to the left and right side panels;
and

a plurality of internal components comprising a plurality
of first and second circuit boards, the first circuit boards
being directly slidably received by the first slots of the
front edges and the corresponding first slots of the back
edges, and the second circuit boards being placed on
the trays and the trays being slidably received by the
second slots of the front edges and the corresponding
second slots of the back edges, the first and second
circuit boards electrically plugging into the backplane
and the backplane routing power and signals to the
internal components.

13. The modular satellite chassis of claim 12, wherein any
of the first and second circuit boards can be accessed
independently of the other first and second circuit boards,
and independently of any other of the internal components
by removing the front panel.

14. The modular satellite chassis of claim 12, wherein the
plurality of panels further comprises front, top, and bottom
panels, the top panel connected to a top of the left and right
side panels, the bottom panel connected to a bottom of the
left and right side panels, the back panel connected to a back
edge of the top panel and a back edge of the bottom panel,
and the front panel connected to a front edge of the top panel
and to a front edge of the bottom panel, the plurality of
panels forming walls for the chassis to encase and hold the

internal components 1n place.
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